The -1185A/G polymorphism in the 5'-regulatory region of the von Willebrand factor (VWF) gene was associated with VWF plasma levels in a normal population. This study was undertaken to evaluate whether there is a relationship between this polymorphism and type 1 von Willebrand disease (VWD), a disorder characterized by a quantitative deficiency of VWF. The association between this polymorphism and plasma VWF levels in normal Brazilian individuals was also analyzed. Control subjects (n = 460) and type 1 VWD patients (n = 41) were studied. Polymerase chain reaction (PCR) amplification of the 864-bp VWF promoter region followed by AccII restriction-digestion was used to identify the -1185A/G genotypes.
Introduction
Von Willebrand disease (VWD) is the most frequent inherited human bleeding disorder, with a prevalence of up to 1% in the general population (Rodeghiero et al., 1987; Werner et al., 1993) . It is caused by quantitative or qualitative defects in the von Willebrand factor (VWF), a multimeric glycoprotein present in megakaryocytes, platelets, endothelial cells, and plasma. VWF plays two main hemostatic roles: (a) binding of platelets to subendothelium at sites of vascular injury, and (b) stabilization and protection of coagulation factor VIII (FVIII).
VWD exhibits a wide heterogeneity of phenotypes, which are classified into three main groups (Sadler, 1994) . Type 1 VWD refers to a partial, quantitative deficiency of VWF, the most frequent form of VWD, accounting for 70-80% of the diagnosed cases, and is considered as an autosomal dominant disease with incomplete penetrance and variable expressivity (Sadler et al., 1995) . Type 2 VWD refers to all qualitative variants of VWF and is generally autosomal dominant with regard to inheritance, except for type 2N VWD which is autosomal recessive. Type 3 VWD, the severe form of the disorder, is characterized by very low levels of VWF and is associated with profound, life-threatening bleeding. The mode of inheritance in type 3 VWD is autosomal recessive, associated with homozygosity or compound heterozygosity for a defective VWF allele.
The molecular basis of VWD has been established principally for the types 2 and 3 (Nichols and Ginsburg, 1997) , but the genetic mechanisms underlying type 1 VWD remain unexplained for the majority of the cases. However in addition to the VWF gene mutations, it is likely that genetic and environmental modifying factors contribute to the incomplete penetrance and variable expressivity of type 1 VWD (Levy and Ginsburg, 2001) .
Recently, four single nucleotide polymorphisms (SNPs) in the 5'-regulatory region of the VWF gene have been associated with plasma VWF levels in a normal population (Keightley et al., 1999; Harvey et al., 2000) . These polymorphisms were in strong linkage disequilibrium and segregated in two distinct haplotypes. In one of these SNPs, the -1185A/G polymorphism, AA homozygotes were significantly associated with the highest levels of VWF, GG homozygotes showed the lowest levels, and heterozygotes intermediate levels (Keightley et al., 1999) .
The present study examined the hypothesis that the -1185G allele may be contributing to the phenotype of type 1 VWD. The association between the -1185A/G polymorphism and VWF levels in normal Brazilian individuals was also investigated.
Subjects and Methods
Subjects. The control group was comprised of 460 unrelated healthy Caucasian volunteers (220 males, 240 females), with no personal or familiar reference of bleeding disease. They were of European ancestry, mainly from Portugual, Spain, Italy and Germany, and consisted of 212 blood donors and 238 students or members of the University staff, living in Porto Alegre, the capital of Brazil's southernmost state. The mean age was 34.1 years (± 15.7 years).
The patient group consisted of 41 unrelated Caucasian individuals (21 males, 20 females), with a mean age of 24.6 years (± 9.8 years), diagnosed with type 1 VWD by Hemostasis Laboratory at the Department of Genetics of the Federal University of Rio Grande do Sul (UFRGS). The diagnosis of VWD was based on clinical history (mucocutaneous bleeding such as epistaxis, bleeding after dental extractions and menorrhagia) and in laboratory findings (decreased plasma VWF levels, correlated decreased plasma FVIII coagulant activity and prolonged bleeding time) (Favaloro and Koutts, 1997) . All individuals who agreed to participate in the study were evaluated through a detailed questionnaire which provided information about personal and family bleeding history. Twenty seven patients (65.9%) referred other affected individuals in the family and in twelve the pattern was compatible with autosomal dominant inheritance. In the other individuals with familiar recurrence the references were not compatible with definitive pattern of inheritance. In the other families where recurrence occurred, the inheritance could not be defined. There was no reference of consanguineous marriages among the parents of the affected individuals.
Hemostatic Analyses. Plasma VWF antigen (VWF:Ag) was quantified by immunoelectrophoresis using a polyclonal rabbit antihuman VWF antibody (Fischer et al., 1996) , the assays being performed at two different plasma dilutions. FVIII procoagulant activity (FVIII:C) was determined by a one-stage clotting assay, using a human FVIII deficient plasma. Bleeding time was measured by the Ivy method.
DNA Analyses. High molecular weight DNA was extracted from whole blood using a non-enzymatic technique (Lahiri and Nurnberger, 1991) , and an 864-bp fragment was amplified by polymerase chain reaction (PCR), as previously reported (Simon et al., 2002) . DNA fragments were cut with the AccII restriction enzyme, separated by electrophoresis on 1% agarose gel containing ethidium bromide, and visualized under ultraviolet light. In the absence of a cleavage site AccII digestion yielded one 864-bp band (the A allele) while the presence of a cleavage site resulted in a 668-bp band and a 196-bp band (the G allele).
Statistical Analyses. Allele frequencies were determined by the direct count of the alleles. Departures from the Hardy-Weinberg equilibrium were evaluated by the chisquare (χ 2 ) test. The skewness of the plasma VWF:Ag distribution was normalized by logarithmic (log) transformation, although for convenience, back-transformed means and 95% confidence intervals are reported in the text and tables. The Student's t-test was used to compare VWF levels between individuals of O and non-O blood groups and between males and females. Allele, genotype and ABO blood group frequencies of the patients and controls were compared by the χ 2 test. Linear regression analysis was used to adjust plasma VWF levels for the age effect. Twoway ANOVA was used to compare age-adjusted VWF levels among genotype groups, with the ABO blood group as a correction factor. In addition, subjects were divided into two age groups (≤ 40 years and > 40 years); subgroup analysis was performed using two-way ANOVA, as cited above. In the patients, for analysis of the VWF levels by genotype, we combined the AA and AG genotypes and compared them with GG genotype because the frequency of AA was very low.
Results
The mean plasma VWF level in type 1 VWD patients was 25.3 U/dL (95% CI: 21.3-30.1) while in the control group it was 116.3 U/dL (95% CI: 112.0-120.7). As expected, there were significant differences in plasma VWF levels between subjects of O (104.9 U/dL) and non-O blood groups (128.3 U/dL) in the control group (t (458) = -5.92, p < 0.001). In patients, no significant differences were observed in VWF levels between O (27.4 U/dL) and non-O subjects (22.8 U/dL) (t (39) = 0.542, p = 0.466). Frequencies of ABO blood groups were significantly different between patients and the control group (χ 2 = 13.79, p < 0.001), with type 1 VWD patients showing a higher blood group O frequency (80%) than normal subjects (49%). Table 1 shows the allele and genotype frequencies of the -1185A/G polymorphism in type 1 VWD patient and control groups, the observed genotype frequencies were in Hardy-Weinberg equilibrium for both groups. The -1185G allele frequency was 63.4% in patients and 57.4% in control individuals (p = 0.29). The frequency of the -1185G allele in normal Brazilian subjects was lower than those described for other normal Caucasian populations. It was significantly different from those previously reported in Swedish individuals (G allele = 0.71; χ 2 = 12.66, p < 0.001) (Zhang et al., 1994) , from those described by Keightley et al. (1999) for predominantly Caucasian Canadian subjects (G allele = 0.64; χ 2 = 6.02, p = 0.014), and from those described for Dutch subjects (G allele = 0.64; χ 2 = 6.52, p = 0.011) (Kamphuisen et al., 2001) . Table 2 gives the plasma VWF levels by -1185A/G genotypes of patients and control subjects. There was no significant association between the -1185A/G genotypes and the VWF levels in controls. The two-factor ANOVA analysis of the effect of the -1185A/G polymorphism and ABO blood group on plasma VWF levels showed no significant interaction between these factors (-1185A/G effect, F = 0.62, p = 0.54; ABO effect, F = 25.35, p < 0.001; -1185A/G-ABO interaction, F = 0.73, p = 0.48). In the patients no significant differences were observed in plasma VWF levels between the GG genotype and AA and AG pooled genotypes (t (39) = 0.096, p = 0.758).
After adjustment for ABO blood group, a significant age effect in regard to VWF levels was observed in control subjects, with a rise~10.1 U/dL for each 10 year increase in age (p < 0.001). There were no significant differences in plasma VWF levels with regard to the sex either in control subjects (p = 0.107) or in patients (p = 0.741). When normal individuals were subgrouped according to age no significant differences were observed in the VWF levels with regard to the different genotypes (≤ 40 years: F = 1.21, p = 0.48; > 40 years: F = 0.98, p = 0.65). There were no significant differences in the -1185A/G genotype frequencies when the patients were subgrouped as to the family history (p = 0.423) and the clinical symptoms (p = 0.372).
Discussion Zhang et al. (1994) were the first to describe SNPs in the promoter region of the VWF gene. These authors described four SNPs and studied the association between plasma VWF levels and three of these SNPs but found no association, although this study did not take into account the influence of ABO blood groups when evaluating plasma VWF levels. Keightley et al. (1999) studied the same three SNPs, which included the -1185A/G polymorphism, in O group blood donors and found an association between these SNPs and plasma VWF levels. But, when the sample of 261 Canadian subjects was subgrouped according to age, the significant association between SNPs and VWF levels was maintained only for subjects > 40 years of age. Similar results were seen in the same sample when another promoter SNP (at nucleotide -1793) was studied (Harvey et al., 2000) . Kamphuisen et al. (2001) analyzed the same SNPs studied by Zhang et al. (1994) and did not find any association between them and VWF levels in 301 thrombotic patients and 301 matched healthy controls.
Apart from promoter polymorphisms, data on genetic variation and inter-individual differences in VWF are scarce. Heywood et al. (1996) studied the Ile471Val polymorphism in the VWF gene and found no association between it and the plasma VWF levels in type 2 diabetic patients. Lacquemant et al. (2000) examined three VWF gene polymorphisms in type 1 diabetic patients and found association between the Thr789Ala polymorphism and plasma VWF levels, but these authors suggest that the Ala789 allele may not be the real functional variant associated with the high VWF levels but a marker of this variant. Although different polymorphisms were studied and the results of these studies differ, they have in common the fact that the subjects were diabetic patients, and it is well known that elevated plasma VWF levels are found in diabetic patients (Vischer et al., 1998) . Studies on normal individuals have involved only promoter polymorphisms (Zhang et al., 1994; Keightley et al., 1999; Harvey et al., 2000; Kamphuisen et al., 2001) , and, as noted above, controversial association results were obtained. Interestingly, Souto et al. (2003) in a genome-wide linkage analysis reported that the structural VWF gene itself had a very low influence on the variability of plasma levels of VWF in a Spanish population.
Our results show that -1185A/G genotypes, adjusted for ABO blood group and age effects, were not associated with plasma VWF levels either in normal individuals or in patients. In spite of this, VWF levels were in the same direction as reported by Keightley et al. (1999) , with subjects carrying the G allele having the lower levels. The lack of association in our study could be the result of some specific genotype-environment effect. In this context, age might be considered as an index of changes in a number of environmental factors, such as diet, smoking, and alcohol intake during the lifetime of an individual. These last two factors were reported as affecting the plasma VWF levels (Meena et al., 2000) , and may be contributing to the age-associated -1185A/G polymorphism in type 1 VWD 399 results of Keightley et al. (1999) . In our study we found a significant age effect in regard to plasma VWF levels, as has been reported in other studies (Colan et al., 1993; Kamphuisen et al., 1998; Kadir et al., 1999) . Although the plasma VWF levels were adjusted for this effect no significant association between the -1185A/G polymorphism and plasma VWF levels was found. Mohlke and Ginsburg (1997) have stated that the overlapping distribution of VWF levels observed between normal individuals and type 1 VWD patients suggest that VWD should be viewed more appropriately as a complex trait. As in other complex traits, it may not be possible to define a clear threshold plasma VWF level that distinguishes type 1 VWD patients from normal subjects or that accurately predicts the development of symptoms. The ABO blood group is the main genetic variable known to be involved in the plasma VWF levels, and our data showed that there were significantly more O blood group individuals among type 1 VWD patients, as previously reported (Gill et al., 1987) . Several studies have shown that O blood group individuals have, on average, lower VWF levels than non-O blood group individuals (Gill et al., 1987; Shima et al., 1995; Kamphuisen et al., 1998; Souto et al., 2000) , and perhaps, the O blood group trait and some SNPs in VWF gene would act in an addictive way to decrease VWF levels. This would account for some of the type 1 VWD patients, mainly those nearest to the lower limit of the normal distribution.
Our study was, for the first time, concerned with the relationship between VWD and the -1185A/G polymorphism, the data showing that type 1 VWD patients do not have a higher G allele frequency than control subjects. Few mutations have been detected in type 1 VWD families, despite the efforts in this direction. The great majority of mutations described in type 1 VWD refer to null alleles segregating in type 3 VWD genealogies (Zhang et al., 1992; Eikenboom et al., 1993 Eikenboom et al., , 1998 . Heterozygous relatives of type 3 VWD patients with a single null allele can exhibit a considerable variability, either being asymptomatic or exhibiting a type 1 VWD phenotype (Zhang et al., 1995) . This variability shows that the normal allele may have a significant influence on VWD expression. Furthermore, only two mutations, both disrupting cysteine pairing in the D3 domain of the VWF gene, have been associated with classical dominant type 1 VWD (Eikenboom et al., 1996; Castaman et al., 2000) , but, as with the null alleles, this does not appear a common event in type 1 VWD (Coughlan et al., 1999; Keeney et al., 1999) .
In conclusion, our data does not support the hypothesis that the -1185A/G polymorphism plays a role in the development of type 1 VWD disease, and apart from this, polymorphism was not associated with levels of VWF in normal Brazilian individuals. The role of other SNPs in the VWF gene should be investigated further.
